We report results of inelastic neutron scattering measurements of phonon dispersions on a detwinned sample of YBa
Charge degrees of freedom associated with lattice vibrations and/or distortions may be important to our understanding of many physical properties of cuprate superconductors. 1 Longitudinal vibrations of planar oxygens soften strongly with doping away from the zone center in all cuprates investigated so far 2, 3 , which has been interpreted as a signature of strong electron-phonon coupling. Up to now twinning has made it difficult to ob- The experiments were performed on the triple-axis spectrometer 1T at the Orphee reactor using doubly focusing monochromator (Cu111 and Cu220) and analyzer (PG002) crystals. a-axis and b-axis atomic vibrations of the ∆1 symmetry were measured in the Brillouin zone adjacent to wavevectors, Q, of (4,1,0) and (-1,4,0) respectively. The data were fit with gaussian lineshapes on top of a background assumed to be linear in energy, ω, and independent of Q.
The starting point for our calculations was the common interaction potential model 4 , which is quite successful in describing the phonon dispersions of a number of cuprates. YBa 2 Cu 3 O 7 is treated as an ionic compound and the interatomic interactions are modelled as a sum of Coulomb forces and short range repulsive forces. The polarizability of the atoms is treated using the shell model formalism. For a metallic compound like YBa 2 Cu 3 O 7 a term accounting for screening by free carriers is added. This model gives a decent description of the available data, which was further improved by tuning the parameters. Further tuning was done to account for the new data. Such a simple model cannot reproduce the anomalous softening of the bond-stretching phonons, and thus would not realistically simulate the experiment. In particular, it would miss the effect of the anomalous softening of the bond-stretching modes on other phonons: it leads to anti-crossings with branches of the same symmetry, which originally have a different polarization, but hybridize with the bond-stretching branches if they are close in energy. Special terms were added in order to model such effects: 1) A negative breathing deformability lowers the energy of the planar breathing mode; 2) A term lowers the energies of the 'half-breathing' modes at the zone boundary of the (100) and -with a different parameter -of the (010) direction; 3) Similar terms produce maximum softening half way to the zone boundary in the 100 and 010 directions, but have no effect both at the zone center and at the zone boundary. The physical meaning of the special terms (especially the last two) is not completely clear. We think that they mimic the effects of a strong electron-phonon coupling. The calculations also included a resolution correction in Q and ω.
The longitudinal plane oxygen vibrations with atomic displacements in the a and b directions have the zone center energies of 74 and 68 meV respectively (Figs. 1, 2) . Their zone boundary energies are 58 and 55 meV respectively. As the a-axis polarized longitudinal phonon disperses downward from the zone center, the peak disappears almost entirely at q a =0.15 and 0.2 and then reappears at higher q and lower energy (55meV). Along the b-axis, the peak similarly disappears and reappears somewhat closer to the zone center. The difference between the energies of the a and the b-axis vibrations is entirely accounted for by the difference in the bond lengths. These data seem to imply that the dispersions of the longitudinal oxygen vibrations are discontinuous and one may be tempted to conclude that the lattice dynamics in YBa 2 Cu 3 O 7 are highly unconventional. Similar data have been explained by unit cell doubling or charge stripe formation 3, 5 .
Inspection of the figures shows that the final model reproduces both the experimental frequencies and the observed intensities quite well (Figs.  1b and 2b) . It predicts that an almost flat apical oxygen branch should cross the downward-dispersing longitudinal plane oxygen branch. The apical oxygen branch does not show up in figures 1 and 2 because of its small structure factor in the measured Brillouin zones (in fact, zero at Γ). Since the apical and plane oxygen branches have the same symmetry, they do not actually cross, but mix and repel each other lifting the degeneracy at the crossing point. This is the branch anticrossing phenomenon described above. In the process, the lower branch acquires plane oxygen character on the higher q side of the crossing point and becomes visible in the measured Brillouin zones. Simultaneously, the upper branch acquires mostly apical oxygen character and becomes much weaker. Figure 3 shows that there is a good agreement between the experimentally observed phonon peak positions and the calculated dispersion curves. Furthermore, the shell model predicts the structure factors that at least qualitatively account for experimentally observed phonon intensities (Figs.  1, 2 ). Thus we see no need to invoke unconventional theories such as charge stripes or unit cell doubling 5 to describe lattice dynamics of YBa 2 Cu 3 O 7 .
Finally, we found no appreciable temperature dependence of longitudinal oxygen vibrations measured on a twinned sample other than slight softening with increasing temperature consistent with increasing anharmonicity. 
